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Abstract 


The heterogeneous cellular network (HCN) is most significant as a key technology for 
future fifth-generation (5G) wireless networks. The heterogeneous network consists of 
randomly macrocell base stations (MBSs) overlaid with femtocell base stations (FBSs). 
Stochastic geometry has been shown to be a very powerful tool to model, analyze, and 
design networks with random topologies such as wireless ad hoc, sensor networks, and 
multi-tier cellular networks. HCNs can be energy-efficiently designed by deploying 
various BSs belonging to different networks, which has drawn significant attention to 
one of the technologies for future 5G wireless networks. In this chapter, we propose 
switching off/on systems enabling the BSs in the cellular networks to efficiently consume 
the power by introducing active/sleep modes, which is able to reduce the interference 
and power consumption in the MBSs and FBSs on an individual basis as well as improve 
the energy efficiency of the cellular networks. We formulate the minimization of the 
power consumption for the MBSs and FBSs as well as an optimization problem to 
maximize the energy efficiency subject to throughput outage constraints, which can be 
solved by the Karush-Kuhn-Tucker (KKT) conditions according to the femto tier BS 
density. We also formulate and compare the coverage probability and the energy effi- 
ciency in HCN scenarios with and without coordinated multi-point (CoMP) to avoid 
coverage holes. 


Keywords: heterogeneous cellular networks, stochastic geometry, poisson point pro- 
cess (PPP), different sleeping policy, CoMP, energy efficiency, power consumption 


1. Introduction 


Looking ahead to the year 2020 and beyond, there will be explosive growth in mobile data 
traffic. The existing cellular networks are experiencing some basic challenges such as higher 
data rates, excellent end-to-end performance, user coverage in hot-spots and crowded areas 
with lower latency energy consumption and amount of expenditure per information transfer. 
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The fifth-generation (5G) cellular networks are envisioned to overcome these challenges. It is 
expected that 5G systems will have the ability to adopt a multi-tier architecture consisting of 
macrocells, different types of licensed small cells, relays, and device-to-device (D2D) networks 
to serve users with different quality-to-service (QoS) requirements in an energy efficient man- 
ner [1]. It is expected that 5G wireless communication technologies will attain 1000 times 
higher mobile data volume per unit area, 10-100 times number of connecting devices and 
longevity of battery 10 times, user data rate, and 5 times reduced latency [2]. A key attribute 
of 5G networks is that the expected cell data rate will be of the order of 10 Gb/s, whereas 
average data rate for single 4G networks is 1 Gb/s. Therefore, such a heterogeneous cellular 
network (HCN) architecture has drawn significant research attention and been recognized as a 
key technology for future 5G wireless networks. An HCN consisting of K tiers [3] is consid- 
ered, in which each tier models base stations (BSs) of a particular class such as femtocells, 
picocells, microcells, or macrocells as shown in Figure 1a. The energy efficiency (EE) of small 
cell networks is of great concern as the BS density will be significantly increased. We study that 
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Figure 1. (a) Heterogeneous cellular networks [11] and (b) switching system for BSs power consumption. 
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the optimal energy efficiency of a two-tier heterogeneous network consists of a macrocell and 
many small cells under coverage performance constraints for different deployments. The other 
more important challenge is the greater energy consumption in HCNs because of the dense 
and randomly deployment of femto BSs (FBSs). In order to realize the aspect of green wireless 
networks, energy efficiency is an important tool. Because of the increasing share of wireless 
systems, the total energy expended in communications and networking systems are deemed 
important. Report shows that total amount of global carbon dioxide emission is originated 
from information and communication technologies (ICT), more than 9% of emits from wireless 
and mobile communication [4]. However, within the sleep mode, some key issues must be 
considered. When BSs are switched off, radio coverage and QoS must be still guaranteed. As 
BSs are densely deployed, users in sleeping BS coverage can be served by neighboring active 
BSs by slightly increasing BS transmit power [5]. For sleep mode operation, small cells can 
always be managed by operators. Nowadays, efforts have been made related to power saving 
in cellular networks with the introduction of sleep modes [6-8] for BSs. Power consumption is 
reduced by using sleep mode in low traffic [9] as a case study for saving the energy of macro 
BSs (MBSs). In a wireless network where multiple links share the same radio spectrum, the 
signal-to-interference-plus-noise ratio (SINR) at any receiver is a function of the locations of the 
transmitting nodes and the transmit powers of the transmitters using the same channel. 
Therefore, the network topology has a fundamental impact on the performance of wireless 
networks. By assuming that the network operators have some information of the traffic usage 
patterns, they can employ a coordinated sleeping mode [9], where certain MBSs will be shut 
off, while others increase their coverage areas to avoid coverage hole [10]. 


Thus, we provide a stochastic geometry-based model for studying the BSs cooperation in 
downlink HCNs, which consists of two tiers of located BSs where each tier is characterized by 
different density and power and develops the performance of coverage probability. We investi- 
gate the energy saving problem through switching off/on for MBS and FBS in HCNs. We also 
derive two-tier HCNs under different sleeping policies and formulate the power consumption 
minimization for MBS and FBS. An optimization problem is formulated to maximize the energy 
efficiency subject to throughput outage constraints and solved by the Karush-Kuhn-Tucker 
(KKT) conditions in terms of femto tier BS density. BSs in sleeping mode might cause coverage 
holes, which have a negative impact on the connectivity of the network, combined coordinated 
multi-point (CoMP) and BS sleeping scheme in HCNs for energy efficiency. We introduce the 
energy efficiency performance based on two-state Markovian wireless channel model. 


2. System model 


We consider a HCN composed by K independent network tiers of BSs with different deploy- 
ment densities and transmit powers in Figure 1a. We assume that the BSs in the ith tier are 
spatially distributed as a Poisson point process (PPP) p of density A, transmit at a power P,, 
and have a SINR target of threshold T. The locations of the BSs in the two tiers are distributed 
as two spatial PPPs in the R? Euclidian space denoted by @,, and pp, with densities Am and Ar, 
respectively. The probability density function (pdf) is given by f(r) = 2rAr exp (-Arır?), 
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Figure 2. Poisson distributed BSs and mobiles, with each mobile associated with the nearest BS. The cell boundaries are 
shown and form a Voronoi tessellation [12]. 


Figure 3. The activity level of BSs and location of users. 


We focus on a typical user located and assume that a subset of the total ensemble of BSs 
cooperates by jointly transmitting a message to this tagged receiver, if we consider a nearest 
BS connectivity model, where a mobile tried to connect with its closest BS. This results in a 
Voronoi tessellation of the plane corresponding to the BS locations. In this case, the service area 
of a BS is the Voronoi cell associated with it (in Figure 2). When femtocells operate in closed 
access mode, only registered femtocells user can be allowed to contact to FBSs. On other hand, 
in open access mode, both macrocell user and unregistered femtocells user can be allowed to 
contact to FBSs, and then, the coverage region of FBS includes femtocells user and macrocell 
user connecting to femtocell as shown in Figure 3. We can see that rmy and rp are the distances 
of MBS and FBS from user. From our proposed scheme, when the FBS is in sleeping mode, the 
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user communicates with the active MBS. On the contrary, the user communicates with the 
active FBS as shown in Figure 3. 


2.1. Signal-to-interference-plus-noise ratio 


We denote a BS by its location, while the user is at the origin 0. For downlink transmission of a 
MBS to the typical user 0, the SINR experienced by a macrocell user is given by: 


SINR = Pel (1) 
$ P;hjlr;| tó? 


i=1, 14 


where h is channel, the background noise is assumed to be additive white Gaussian with 
variance o° and a being the path loss exponent. 


2.2. Power consumption 


Without employing any sleeping mode at each base station in the ith tier, the average power 
consumption of the ith tier heterogeneous networks is given by 


Pueti = Ai(Pio + A;ßP;). (2) 


In a two-tier cellular network, the total power consumption comes from macrocell tier and 
femtocell tier, which are expressed as: 


Prota = Am(Pmo + AMBPmps) + Tr Ag (Pro + AFßPrss), (3) 
eS SS U 
macro-tier femto-tier 


where Pyo and Pro are the static power expenditure of the MBS and FBS, and AM, and AF are 
the slope of the load-dependent power consumption in MBS and FBS, respectively. ß is the 
power control coefficient of MBS and FBS. Pmgs and Prss are the transmit powers of MBSs and 
femto BSs, respectively. 


2.3. Network energy efficiency 


The throughput outage probability defined as the probability that a user in the macro (femto) 
tier is unable to achieve a certain minimum target throughput as follows: 


em(Ar) = 1-P(Buln(l + SINRm) > Tm) 


4 
El 1-P(Brln(1 + SINRr) > Tr). 9 


Network energy efficiency can be defined as the ratio of the total amount of throughput and 
total power consumption in the network. The energy efficiency (EE) function can be written as: 
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FE = AmCm + Arnry Cr 
Pm+nry,Pr 


(5) 
Am(1-em)log, (1 + SINRm) + Arrırr,(1-er)log,(1 + SINR?) 
Am(Pmo + AMP wy) + Agrery, (Pro a AFPr) i 


where C is the throughput and € is coverage probability of macro and femto users, respec- 
tively. 


3. Coverage probability 


In this section, we use stochastic geometry theory to analyze the coverage performance of 
MBS and FBS system under different allocation strategies. Under orthogonal deployment, 
the spectrum allocation for MBS and FBS is orthogonal, which avoids the cross-tier interfer- 
ence [4]. The received SINR of macro-mobile station (MS) located at the cell boundary is 
given by: 


Pisha 
SINRy = eM, (6) 


To guarantee the coverage performance of macrocell, the received SINR of the MS at the 
macrocell edge should satisfy the following equation: 


Pm, thM 


PISINRy2Ty] = P| ; 
O 


Tu (7) 


There is no interference coordination in femtocell. So, inter-tier interference will provide 
in femtocell. The received SINR of MS at femtocell edge is written as: 


“a 
Pr phere 


SINR: = 


(8) 


Similar way, the received SINR of the MS at the femtocell edge should satisfy the following 
equation: 


Pr gher a 


PISINRF>Tr] = P Tet 
N | pp 


r =P j> Pr, (Ir + 0°) : (9) 


Conditioning on the nearest BS being at a distance r from the typical user, the probability of 
coverage averaged over the plane is written as: 
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p.(T,A,a) = E,[P[SINR > T\r]] = f P[SINR > Tir]f ‚(r)dr 
r>0 


her * 


= f P|- > Tir|e A 2 Arar 
Er o2 + le im | (10) 
„2. 
= f e^ Pfhr* > Tr(o? + Ir + Im)|r]2rArdr. 
r>0 
= fe’ Pih > Tr (0? + Ip + Im)|r]2nArdr 
r>0 


Using the fact that h~ exp (u), the coverage probability can be expressed as: 


Ph > T4 (0% +Ip + Im)Ir] = Ey, [P[h > Tr&(a? + If + Iy)|r, LJ] 


2. 11 
= E;,| exp (-uTr* (0? +le+ Im)) |r] = er Li (UT) L (uTr*), (u 


where Lr, (s) and L;,,(s) are the Laplace transform of random variable I, evaluated at the 
distance to the closest BS from the origin. This gives a coverage expression: 


T,A,&) = (er ee" e Tr’ )L),,(uTr* )27Ardr. (12) 
Pe r(H m\t 


r>0 
The definition of Laplace transform yields [13] 


Li, (8) = Ei, [ee] = Er, [exp (-sg,R;*)] 
= E,, [Il exp (-sg,R;")] = Er, [[]Eg[ exp (-sg;R;*)]] (13) 


= exp (-2nas (1- B| exp (-sg:R;")]) vdo) l 


Now, we have 


: ü z u 
L = hh Eg: =s. R; =E = —2TtAf | 1- d 
(9) = Bog) ITE Cea SR = Bo 1 | = exp (-2naj (Em) 
(14) 
Let ¢,~exp (u) and s = uTr”. 
Lr, (uTr*) = ex (- 2na aw (15) 
Io u — p 1 T+( 7 jr ’ 

Again, u = (v/rT'/*)’, then we get 

Lr, (uTr*) = exp | -2nAT?/* Í : du | = ex (-2na (T a)) (16) 
al a jan Tapia ama ETARA 


= 1 
h T a) = T? f — du. 


147 


148 Towards 5G Wireless Networks - A Physical Layer Perspective 
Putting (16) into (12) with gives the desired result. 


4. Propose base stations sleep mode strategies 


We know that the coverage probability is independent of the sleeping mode. However, we 
need to maintain the coverage of the cellular networks when we implement sleeping mode in 
MBSs through power control small cells as shown in Figures 1b and 3. In Ref. [9], authors 
introduced active/sleep (on/off) modes in MBSs and improved the energy efficiency in cellular 
networks. In this chapter, we consider the HCNs comprised of macrocell and femtocell tiers. 
We propose switching off/on systems for the efficient power consumption at the BSs in the 
cellular networks, which introduce active/sleep modes in the MBSs and FBSs. The active/sleep 
modes reduce the interference and power consumption as well as improve the energy effi- 
ciency of the cellular networks. We derive the two-tier HCNs under different sleeping policies 
as well as formulate power consumption minimization for the MBSs and FBSs. An optimiza- 
tion problem is formulated to maximize the energy efficiency subject to throughput outage 
constraints as well as solved by the KKT conditions in terms of the femto tier BS density. Thus, 
the total power consumed by each BS in the macro and femto tiers is modeled as follows: 


P — Pmo + AMBPwyps, for active mode 
m, for sleeping mode’ 
(17) 


Pp = Pro + AFBPrss, for active mode 
ee Te: for sleeping mode 


From Eq. (17), we can see that the MBS and FBS are active modes, and the maximum power is 
consumed by BSs. Otherwise, power consumption is zero when it is in sleeping mode. 


4.1. Random sleeping 


In random sleeping strategy, we take it as a Bernoulli trial, that is, each BS actives with 
probability q and sleeps with probability 1 - q independently for macro and femto BSs [9, 14]. 
Then, the sleep modes of other BSs are determined according to the distances between a BS 
and user. Power consumption of random sleeping problem is formulated as follows: 


Prs(MBS) = Amqy(Pmo + AMBPmps) + Am(1-qy)Psteep» (18) 
and 


Prs(FBS) = Arqz(Pro + AFBPrps) + Ar(1-gp)Psteep- (19) 


The power is consumed in the macro tier and femto tier BS when operating in the active and 
sleep mode, and then the total average power is given by: 
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Protal — Amgu(Pmo + AMBP») a Am(1-qu)Psieep + gee 
SS 


macro-tier (20) 
Ar(Pro Tr AFBPF) ar Ar(1-4r)Psieep 
N nn nn 
femto-tier 
Thus, the energy efficiency of the network for random sleeping is given by: 
br Am(1-e€m)log, (1 + SINRm) + rrt,Ar(1-er)log,(1 + SINR?) (21) 


Amgu(Pmo WY AMBPy) + Am(l-qy)Psieep R nri Ar(Pro iF AFBPr) Y Ap (1-gp)Psteep | 


The network energy efficiency is expressed in the units of nats/Joule. The numerator in Eq. (21) 
is the total average throughput achieved by all the users in the two-tier network, and the 
denominator is the total power consumption use of Eqs. (18), (19) and (20). 


4.2. Strategic sleeping 


The sleep mode strategy can be considered as a load-aware policy and can incorporate traffic 
profile in the optimization problem. By applying strategic sleeping, the average power con- 
sumption can be expressed as: 


Pss(MBS) = ÀM (E{s}(Puo + AMB Pass) T Am(1-Ef5})Psteep ) > (22) 
and 
Pleas) = Ar (E{s}(Pro AD Ae(1-E{S})Pseep) (23) 


In case of random sleeping mode, a network is developed that is adaptive to the fluctuating 
activity levels during the day. The strategic sleeping mode can go one step further. It can model 
a network that is adaptive to fluctuating activity levels within the location [9]. In addition, the 
strategic sleeping model can measure the impact of cooperation among MBSs. The energy 
efficiency of the network for strategic sleeping is given by: 


Am(1-€m)log, (1 + SINRm) + Arrr, (1-er)log, (1 + SINR?) 


Am (E{s}(Puo + AMBPwps) + Am (1-E{5})Pstep ) 
macro-tier (24) 
2 
+773, (Ar(E{s}(Pro + AFBPuns) + Ar(1-E{S})Pse) ) - 
a a 


femto-tier 


EE= 


Similar way, the network energy efficiency is expressed as the numerator in Eq. (24) of the total 
average throughput achieved by all the users in the two-tier network and the denominator of 
the total power consumption use of Eqs. (22) and (23). 
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4.3. Optimization problem 


To solve the following multi-objective optimization problem [14]: 


max EE(Ar) 
Ar 
s.t. 1-P(Buln(1 + SINRm) > Tu)sem, (25) 


1-P (Belndı + SINRr) > Tr) <er 


where ey and er denote the outage objectives guaranteeing a minimum target throughput for 
each user in the macro and femto tier, respectively. The optimal femto tier BS density A; that 
maximizes the energy efficiency of network subject to the downlink outage constraints is given 
by Ar 


(Ace. rl for Li, =0, u; = 0 (both inactive) 

Am(1-q)C! for Uy > 0, up =0 (macro active & femto inactive) 
Ar-Amqt' for ux, =0, už > 0 (macro inactive & femto active) 
Ar(1-q) for ux, > 0, up > 0 (both active) 


where i, and uf are the Lagrange multipliers and Ç = (Pr /Py)" is power ratio of BSs. 
The optimization problem in Eq. (25) is determined by satisfying the KKT conditions as 
follows: 


(Age, Hyp ps Ar) = EE(Ar)-u[1-P (Buln(1 SINR) > Tu)-em]. 


(27) 
-up[1-P(BrIn(1 + SINRr) > Tr)-er] 
The KKT conditions are then listed as follows: 
L(A) 
Agi / ’ 
1-P(Buln(l + SINRy) > Tu) <em (28) 


L-P(Brln(1 + SINRr) > Tr) <er 


us [1-P(Bmin(1 + SINRy) > Tm) le 


u}[1-P(BrIn(1 + SINRe) > Tr) er] = 0 (29) 
Hig > 0. uf > 0 


Based on the listed KKT conditions, evaluating each possible scenario for which ui, and u} are 
either active or inactive gives the optimal femto tier BS density A}. 


Energy Efficiency for 5G Multi-Tier Cellular Networks 
http://dx.doi.org/10.5772/66052 


5. Combined coordinated multi-point (CoMP) transmission and BS 
sleeping scheme 


In this section, we also evaluate the performance of the combined CoMP and BS sleeping 
scheme in a two-tier HCNs. The first tier is deployed as MBSs with a density of Am, and the 
second tier is deployed as FBSs with a density of Ar. 


5.1. BS cooperation 


BS sleeping has been proved to be an effective technique for saving energy consumption in 
cellular networks. However, BSs in sleeping mode might cause coverage holes, which have a 
negative impact on the connectivity of the network. We conduct a stochastic geometry analysis 
to evaluate the performance of the proposed combined CoMP and BS sleeping scheme in 
HCNs for energy efficiency [10]. We apply CoMP to avoid coverage holes when the target 
SINR cannot be reached. Applying stochastic geometry tools, we formulate and compare the 
coverage probability and the energy efficiency in HCN scenarios with and without CoMP. 


The cooperative set is composed of the closest BSs in each network tier to the user. The density 
of CoMP is the same as the tier contains BSs with the lowest density. The probability of CoMP 
happens is equal to the probability of awake MBSs q, and its density is qåm. We assume that 
the awake MBSs can always cooperate with FBSs to transmit, so that n = K = 2. Here, n is the 
number of cell cooperatives. The following lemma gives the coverage probability of the com- 
bined CoMP and BSs sleeping control. 


Theorem [10]: In two-tier HCNs with CoMP and BSs sleeping, the coverage probability of a 
randomly located user is given by: 


Pe comp = 470° q’AmAgs exp (-2nqAmsy/*F ns") x 


(30) 
exp (~2nqAes3!*F(r283/")) x exp (-nq(Amr} + Arr3)) rindrir, 


dr. 


, , amp 
where s; = Paare for HD, i= {1, 2} and F(x), Æ J Im 


The energy efficiency of the networks for BS cooperation 


_ AmPe_compl082(1 + SINRm) + TrMAFP. compl082(1 + SINR?) 
Amqy(Pmo + AMBPm) + Am(1-qy)Psteep 
Sa | 

macro —tier (31) 


+173, (Ar (Pro + AEBPr) + Ar(1~4p)Pseep) 
— EEE 


femto-tier 


EE 


From Eq. (31), we can see that the energy efficiency is related to the coverage probability and 
the power consumption of whole networks. 
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5.2. BS non-cooperation 


The typical user only connects to the nearest BS, which belongs to first tier in a non-CoMP 
scenario [10]. Then, the coverage probability in the case of BS non-cooperation is given by: 


1 


2 -1 qi" gap Ps 
1+ Rory Rea) A PF 


Pe_Non-CoMP — (32) 


Thus, the energy efficiency of the networks for BS non-cooperation is given by: 


AMP. Non-coMpl082(1 + SINRm) + Ter{AFP.. Non-compl082(1 + SINR?) 


Amgy (Pao + AMBP) + Am(1-4y4)Psteep + 7072, (Ae(Pro + AF6Pr) + Ar(1-qp)Psep) 
a l a 


femto-tier 


EE = 


macro —tier 


(33) 


From Eqs. (30) and (32), we can see that the coverage probability depends on both the sleep 
strategy and BSs density ratio. 


6. Markovian wireless networks 


The BS can be in either of the two operational states: ON or OFF. If BS is ON, the energy 
increases with the energy harvesting rate and decreases according to the number of users 
served by that BS. However, if the BS is OFF, it does not serve any users. 


6.1. Uncoordinated 


In this class of strategies, the decision to toggle the operational state, that is, turn a BS ON or 
OFF, is taken by the BS independently of the operational states of the other BSs. 


6.2. Coordinated 


In this class of strategies, the decision to toggle the state of a particular BS is dependent upon 
the states of the other BSs. 


6.3. Energy efficiency of two-cell cellular networks 


To investigate the basic energy efficiency performance of two-cell cellular network, in this case, 
a user’s channel of two-cell cellular network is modeled into good and bad states due to 
channel conditions [15]. Moreover, a transition from one state to the next state only depends 
on the current state with the state space {0,1}, where ‘0’ corresponds to a good state and ‘1’ 
corresponds to a bad state in Figure 4. Based on properties of Markovian processes, a channel 
transition probability matrix is given by: 
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(n) m) (n) 
g” — 1400 fo | — | 400 fo l (34) 
| [to t 


where g, „i and je{0, 1}, is a one-step transition probability from the state i into the state j, and 
lij J P P J 


Go i and je{0, 1}, is a probability from the initial state i into the state j after n steps transition. 


The energy efficiency for multicell cellular networks is given by: 


K P;lIn;12 K 
FEmuiticen = } log, | 14 £ £ Pj. 35 
nn o+ X Pillh, lt p> 65) 
jal, ij 


Good state 
channel 


Figure 4. State transition diagram of two-state Markovian wireless channel. 


The wireless channels of multicell cellular network are assumed as two-state Markovian 
wireless channels, due to the memory-less property of two-state Markovian wireless channel 
model [15]. Furthermore, after an n steps state transition in two-state Markovian wireless 
channels, a model of energy efficiency of multicell cellular network is given by: 


good 9 2 bad 12 
> log, | 14 u a) + log, | 14 pin T ge 
Al AU aala eme A) + E ae 
i=1, i . > i=1, i y 9 
EE pmbiiicet = 2 7 K J a 
2 P; 


i=1 


(36) 


To analyse the impact of cell number on the energy efficiency of multicell cellular networks; for 


a good state channel, p004 = 0.9 and paa = 0.1; for a bad state channel, a = 0.6 and 
ni = 0.4; n steps transition probabilities of two-state Markovian channels are fixed as 


pe) = 0.8 and pw = 0.2; and the noise is o? = 0.1. Moreover, an initial state transition proba- 
bility matrix of two-state Markovian chain channels is shown as: 


154 Towards 5G Wireless Networks - A Physical Layer Perspective 


[ie Mu 108 cal ~ [35 28 G0 


7. Numerical results 


In this section, we present numerical evaluations of the integral expressions for the coverage 
probability and energy efficiency performance. We focus on the two network tiers consisting of 
a macro tier overlaid with a femto tier. The assumed parameter values for two-tier HCNs are 
based on the values used in Table 1. We assume that a = 4 and that the first tier has spatial 


intensity A; = (50077) ' and available power Pı = 25, while the second tier has spatial inten- 
sity Aa = 5A, and available power P = P;/25. 


Figure 5 illustrates the effect of the SINR threshold T on the coverage probability. By compar- 
ing the performance of the cooperative scheme to the baseline of no cooperation scheme, we 
observe that around 0 dB cooperation yields relative gains in coverage probability of up to 
about 30% compared to non-cooperative. The coverage probability can be directly related to 
the ergodic rate of communication from the cooperating BSs to the typical receiver. 


Figure 6 plots the coverage probability versus noise o° for different sleeping strategies. The 
sleeping strategy is modeled as 0 and 1, respectively. As shown in Figure 6, in strategic 


Symbol Description Value 

B Bandwidth 180 kHz 

a Path loss exponent 4 

Tm SINR threshold for macro 8 dB 

Tr SINR threshold for femto 5dB 

Pmes Macro BS transmit power 20W 

Peps Femto BS transmit power 2W 

™ Macro range 300 m 

TF Femto range 15m 

Pmo Static power MBS 130 W 

Pro Static power FBS 4.8 W 

AM Slope of MBS 4.7 

AF Slope of FBS 8 

PM-sleep Sleeping power MBS 75 W 

PE_ steep Sleeping power FBS 5W 

Ay Density of MBS 1x10* m? 
Ar Density of FBS 1x10° m? 


Table 1. Network parameter values. 
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—— BS Cooperation 
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Figure 5. Comparison of the coverage probabilities for BS cooperation and no cooperation against the threshold in dB. 
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Figure 6. Coverage probabilities for different sleeping strategies. 


sleeping mode, the coverage probability is marginally better than no sleeping mode. It can also 
be said that strategic sleeping has a bigger margin of improvement over no sleeping when 
g? — 0. Finally, it can be seen that strategic sleeping is always better than random sleeping for 
the same fraction of sleeping MBSs and FBSs. 
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Figure 7 shows the maximum two-tier achieved energy efficiency versus density. The assumed 
parameter values for the two-tier HCNs are based on the values used in Table 1. In general, the 
maximum two-tier energy efficiency decreases with increasing density. Note that, we show the 


4000 
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—8— Ratio Femto/Macro=0.1 (conv) 
—*— Ratio Femto/Macro=0.2 (pros) 
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—€6— Ratio Femto/Macro=0.3 (pros) 
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—%*— Ratio Femto/Macro=0.4 (conv) 


Two-tier Energy Efficiency(Bits/Joule) 
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Figure 7. Two-tier network energy efficiency versus density. 


—Ə— BS Cooperation (CoMP)[pros] 
—8&— Non-Cooperation (Non-CoMP) 
—$— Sleeping mode (conv)[9] 


Energy Efficiency (bits/J) 
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Figure 8. Energy efficiency versus density for the CoMP and non-CoMP. 
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energy efficiency curves close to the points for Prss/Pmss = 0.1, 0.2, 0.3 and 0.4. The observa- 
tions made from Figure 7 underscore the impact of the femto-to-macro BS power consumption 
factor on the ability to maximize the two-tier energy efficiency while satisfying the outage 
objectives. 


Figure 8 shows the energy efficiency of the CoMP and non-CoMP schemes versus density. It is 
observed that the energy efficiency improves according to the density. The proposed scheme of 
combined CoMP and BSs sleeping mode is increased by 2% of energy efficiency from non- 
CoMP schemes. Numerical results confirm that the combined CoMP and BS sleeping can 
improve the energy efficiency as well as increase the coverage probability compared with 
implementing BS sleeping only. Moreover, the performance of non-CoMP is almost same as 
the macro BS sleeping only [9]. 


8. Conclusion 


In this chapter, we provide energy efficiency of two-tier network through deploying sleeping 
strategy in MBSs and FBSs. The MBS and FBS are switching off/on systems, that is, it reduces 
power consumption and interference and improves the energy efficiency of HCNs. Power 
consumption is formed into optimization problems, which is determined by the optimal 
density of femto tier BS. BSs in sleeping mode might cause coverage holes, which have a 
negative impact on the connectivity of the network. Thus, we proposed combined CoMP and 
BS sleeping scheme in HCNs for energy efficiency to avoid coverage holes. Numerical results 
show that the proposed sleeping strategy can effectively increase energy efficiency. We also 
analyze the energy efficiency performance of cellular network based on two-state Markovian 
wireless channels. 
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